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SUMMARY 

Extensive da t a  a r e  being acquired on b io logica l ,  sedimental  , and 

a b i o t i c  a lkanes.  More than 300 GLC chromatographic " f ingerpr in ts" ,  100 

mass spec t r a ,  and many i n f r a r e d  and u l t r a v i o l e t  spec t r a  of  n a t u r a l l y  

occurr ing  hydrocarbons have been catalogued. These d a t a  i n d i c a t e  t h a t  

b i o t i c  hydrocarbons a r e  r e a d i l y  d i s t ingu i shab le  from a b i o t i c  a lkanes.  Ben- 

zene e x t r a c t s  of e l imina t ion  products and of Recent sediments conta in  com- 

pa rab le  percentages of a lkanes.  These percentages usua l ly  exceed g r e a t l y  

t h e  concent ra t ions  of a lkanes i n  b i o l o g i c a l  l i p i d s  but  a r e  s i g n i f i c a n t l y  

less than t h e  concent ra t ions  of alkanes i n  anc ien t  sediment e x t r a c t s  o r  

crude o i l s .  P a r a f f i n i c  hydrocarbons from l i v i n g  th ings ,  f e c a l  matter, and 

sediments have s i m i l a r  s t r u c t u r e s  and o p t i c a l  p rope r t i e s .  Analyses of 

a lkanes  of var ious  geologic  ages show t h a t  d i f f e r e n t  t y p e s  of b i o l o g i c a l  

a lkanes  can appa ren ta l  keep t h e i r  c h a r a c t e r i s t i c s  f o r  more than a b i l l i o n  

yea r s  i n  t e r r e s t r i a l  environments. 

a" 
Data gathered under NASw508 s t rong ly  support  t h e  hypothesis  t h a t  

s a t u r a t e d  hydrocarbons a t e  !he bes t  preserved and most widely d i s t r i b u t e d  

products  of former organisms on ea r th .  

most l e g i b l e  records  of anc ien t  l i f e .  

Alkanes may.retain gene ra l ly  t h e  
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INTRODUCTION 

Terrestr ia l  sediments,  g l a c i e r s ,  and bitumens con ta in  f o s s i l s  

and remains of former l i f e .  She l l s  of marine organisms underlay most 

c o n t i n e n t a l  su r f aces .  Impr in ts  of t rop ica l - type  f e r n s  are  embedded i n  

An ta rc t i can  coa l s .  Skeletons of dinosaurs  and t h e  f rozen  remains of 

mammoths t e l l  of t r a n s i t o r y  ex i s t ences  of powerful animals  on e a r t h .  

Marked o r ,  perhaps,  c a t a s t r o p h i c  changes have a l t e r e d  t h e  i n h a b i t a n t s ,  

c l ima tes ,  and f e a t u r e s  of p r e h i s t o r i c  worlds. Evidence of t hese  changes 

are r e t a i n e d  mainly i n  b i o l o g i c a l  records ,  bu t  t h e  n a t u r e  and scope of 

t h e  events  t h a t  caused these  changes may no t  be determinable  from ter-  

r e s t r i a l  records a lone .  

P r e b i o t i c  materials,  remnants of l i f e  and l i v i n g  th ings  may be 

found on o t h e r  c e l e s t i a l  bodies .  B io log ica l  exp lo ra t ions  i n  space could 

r e v e a l  many s e c r e t s  about  t h e  o r i g i n s  of l i f e ,  t h e  e a r t h ,  and t h e  s o l a r  

system. Cor re l a t ions  and d i s t r i b u t i o n s  of b i l o g i c a l  records  on o t h e r  

p l a n e t s  may d e f i n e  the  e f f e c t s  and f requencies  of n a t u r a l  events  which 

a l t e r e d  worlds.  Knowledge of phenomena t h a t  have s e v e r e l y  a f f e c t e d  pre-  

v ious  b i o t a  could be inva luable  t o  man. Such knowledge may be t h e  most 

important  r e s u l t  t o  be obta ined  from the  space e f f o r t .  

Because b i o l o g i c a l  exp lo ra t ions  i n  space a re  expens ive ,  methods 

a r e  needed f o r  a r e l i a b l e  assessment of whether o r  no t  a s p e c i f i c  body 

has  ever  supported l i f e .  Pub l i c  opinion almost c e r t a i n l y  w i l l  f a v o r . t h e  

i n v e s t i g a t i o n  of  any p l ane t  where organisms have l i v e d  o r  do e x i s t ,  bu t  

was te fu l  repea ted  exp lo ra t ions  of ba r r en  bodies  would be d i f f i c u l t  t o  

defend. Economic cons ide ra t ions  recommend t h e  use of a gene ra l ly  

*d. c. : I 

4 ,  ’ 
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a p p l i c a b l e  means of d e t e c t i n g  b io log ica l  a c t i v i t y  on o the r  p l ane t s .  

Subsequent d i scuss ions  w i l l  suggest why a lkanes  may be ubiqui tous  and 

dependable b i o l o g i c a l  i n d i c a t o r s  which could be used i n  conjunct ion  

wi th  o t h e r  methods i n  space explora t ions .  

Or ig in  and Compositions of Alkanes 

1 

During t h e  las t  decade, much has  been learned about  t h e  s t r u c -  

t u r e s  and func t ions  of nuc le i c  a c i d s .  2 y 3  

g e n e t i c  and enzymatic codes t h a t  ensure the  c o n t i n u i t y  of t he  spec ie s  

and of l i f e .  Both, t h e  shapes of organisms and of t h e  chemical con- 

s t i t u e n t s  of l i v i n g  ce l l s  a r e  apparent ly  con t ro l l ed  by molecular  

"templates", and t h e  c o n t r o l s  exer ted on b iosyn the t i c  products  a re  

remarkably r e s t r i c t i v e .  

These a c i d s  t ransmi t  t h e  

4 

4 

P l a n t s  and animals a re  composed of a n  i n f i n i t e s i m a l  f r a c t i o n  

of t h e  compounds t h a t  may be formed from carbon i n  combination with 

o t h e r  elements.  S imi l a r  o r  i d e n t i c a l  molecules occur i n  highly-ordered 

a r r a y s  i n  a l l  l i v i n g  c e l l s .  Organic compounds are probably the  most 

common h e r i t a g e  of l i f e  i n  general .  The s t r u c t u r e s ,  d i s t r i b u t i o n s ,  and 

i s o t o p i c  order  d i sp layed  by c e r t a i n  b i o l o g i c a l  molecules may provide a 

r e l i a b l e  means of d i s t i n g u i s h i n g  animate from inanimate mat te r ,  b u t  only 

s t a b l e  remnants of l i f e  can r e t a i n  t h e i r  i d e n t i t i e s .  

S t a b i l i t y  may be an  inherent  o r  a n  acqui red  proper ty  of 

organic  substances.  Legib le  records of a n c i e n t  organisms p e r s i s t  c h i e f l y  

i n  t h e i r  minera l ized  ( f o s s i l )  and preserved (molecular)  remnants. Fos- 

s i l s  have been u t i l i z e d  f o r  many years i n  pa l eob io log ica l  i n v e s t i g a t i o n s ,  

and modern a n a l y t i c a l  techniques a r e  making it p o s s i b l e  t o  u s e  s t a b l e  

organic  molecules as  w e l l .  Alkanes a r e  appa ren t ly  the  most s t a b l e  organic  

component of l i v i n g  th ings .  



- 4 -  

Natu ra l ly  occurr ing  alkane molecules con ta in  from 1 t o  40 o r  

15 more carbon atms. There are, exc lus ive  of cycloalkanes nea r ly  10 

d i f f e r e n t  s t r u c t u r e s  of C through C  paraffin^.^ A s  noted above, bio-  

syntheses  are h igh ly  s e l e c t i v e  processes .  I f  l i v i n g  th ings  w e r e  a major 

source  of sedimental  a lkanes ,  i t  may be expected t h a t  c e r t a i n  spec i f -  

i c a l l y  s t r u c t u r e d  hydrocarbons are p resen t  i n  n a t u r a l  mixtures  of a lkanes  

i n  h igh  concent ra t ions .  

1 40 

Although t h e  i d e n t i t i e s  of most n a t u r a l l y  occurr ing  C and 12 

l a r g e r  p a r a f f i n s  have not  been determined, s t r u c t u r a l  s imi l a r i t i e s  have 

been e s t ab l i shed  between t h e s e  compounds and o t h e r  b i o l o g i c a l  l i p i d s .  

Extensive r e s s t r c h  has shown t h a t  t h e  a c i d s  and a l coho l s  found i n  these  

l i p i d s  are cons t ruc ted  from a c e t a t e  u n i t s .  Normally, t h e  acetates 

combine e i t h e r  i n  a l i n e a r  fashion t o  form s t r a i g h t  cha in  compounds o r  

i n t o  isoprenoid in te rmedia tes  which j o i n  i n  t u r n  t o  form te rpenes  or  

s t e r o i d s .  Mevalonic a c i d  apparent ly  i s  t h e  p r i n c i p a l  precursor  of i so -  

prenoids ,  and the  p rec i se  manner i n  which t h e  i soprene  bu i ld ing  u n i t s  

combine t o  form many i soprenoids  and s t e r o i d s  are known. 

6- S 

14 

16  Various methods a re  a v a i l a b l e  f o r  i s o l a t i n g  l i n e a r  compounds 

and such compounds are e a s i l y  i d e n t i f i e d .  n -Paraf f ins  a r e  t h e  most 

abundant a lkanes  i n  b i o l o g i c a l  and sedimental  l i p i d s ,  bu t  t h e  s implic-  

i t y  of t h e  s i n g l e  carbon r e p l i c a t i n g  CH u n i t  i n  n -pa ra f f in s  i s  r e a d i l y  

dup l i ca t ed  by a b i o t i c  r e a c t i o n s .  Therefore ,  t h e  common presence of 

l i n e a r  a lkanes  i n  organisms and sediments may no t  provide s t rong  evidence 

of t h e  b i o l o g i c a l  o r i g i n  of sedimental  hydrocarbons. 

9 

2 
17 

18 When our o r i g i n a l  research  proposal  w a s  submitted t o  NASA , 

no isoprenoid- type C o r  l a r g e r  a lkanes  had been i d e n t i f i e d  i n  n a t u r a l  12 
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samples, a l though t h e  presence of t h e s e  compounds i n  sediments and crude 

o i l s  had been p red ic t ed .  7y18 

currence  of p r e c i s e l y  s t r u c t u r e d  i soprenoids  i n  sedimental  and b i o l o g i c a l  

a lkanes  would confirm t h e  b io log ica l  o r i g i n s  of t h e s e  compounds. 

It w a s  hypothesized18 t h a t  t h e  common oc- 

Now, seven isoprenoid- type a lkanes  have been i d e n t i f i e d  i n  crude 

19-22 
o i l s  , and f i v e  of t h e s e  te rpanes  have been i s o l a t e d  from o i l  s h a l e  

e x t r a c t s  .23  Concentrat ions of the i n d i v i d u a l  te rpanes  ranged from 0.08 

t o  g r e a t e r  than  1.0 p e r  cen t  i n  the  va r ious  n a t u r a l  samples. These concen- 

t r a t i o n s  are  appa ren t ly  m i l l i o n s  of t imes g r e a t e r  than would be found f o r  

t h e  s a m e  te rpanes  i n  a randomly produced mixture  con ta in ing  a l l  t h e  k inds  

of  hydrocarbons t h a t  are  i n  petroleum. The ana lyses  of  te rpanes  i n  crude 

o i l s  and o i l  s h a l e  e x t r a c t s  a f fo rd  s t rong  evidence of t h e  b i o l o g i c a l  

o r i g i n  of t hese  hydrocarbons. 

Exp lo i t a t ion  of  p a r a f f i n s  i n  pa l eob io log ica l  and space i n v e s t i -  

g a t i o n s  may be experimental ly  and t h e o r e t i c a l l y  defended. Much work, 

however, remains t o  be done before  t h e  f u l l  p o t e n t i a l  of a lkanes  i n  bio-  

l o g i c a l  s t u d i e s  can be empir ica l ly  e s t a b l i s h e d  and f u l l y  determined. For 

example, only two o f  t h e  i soprenoids  i d e n t i f i e d  i n  crude o i l s  are known t o  

appear  i n  b i o l o g i c a l  l i p i d s  24-25. 

ment of f a c t o r s  c o n t r o l l i n g  t h e  compositions of  sedimental  hydrocarbons are  

needed t o  inc rease  t h e  l e g i b i l i t y  of t h e  b i o l o g i c  r eco rds  r e t a i n e d  by 

a lkanes  i n  sediments.  

Add i t iona l  i d e n t i f i c a t i o n s  and a n  assess- 

Under NASw508, a n  e f f o r t  i s  being made t o  dev i se  simple methods 

of recogniz ing  b i o l o g i c a l  hydrocarbons and t o  determine t h e i r  s t a b i l i t i e s .  

G a s  chromatographic " f ingerpr in ts"  and m a s s  s p e c t r a  are  being obtained of 

a lkanes  from l i v i n g  th ings ,  sediments, and a Fischer-Tropsch o r  a b i o t i c  
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product. Non-gradational changes in the concentrations of successive 

homologs appears to be a common and easily detected characteristic of 

biological hydrocarbons.26 Alkanes from bat guano and a 60 million 

year old sediment, both, contain higher concentrations of even-than of 

odd-carbon number n-paraffins in the C 

trations of odd-than even-carbon number n-paraffins in the C to C 

range .26 

a systematic decrease in concentrations of homologous alkanes. These 

latter concentrational changes may be explained by the l o s s  of  volatile 

components from a product in which reaction equilibria led to a decrease 

in concentrations of the compounds with higher carbon numbers. 

to C20 range and higher concen- 11 

3 3  23 

Fischer-Tropsch saturated hydrocarbons, on the other hand, show 

26 

Data, also, were collected which permitted a testing of the hy- 

pothesis that the biochemically and chemically least active biological 

molecules may accumulate unaltered in the elimination products and, then, 

in sediments. Comparable concentrations of alkanes were found in the 

benzene extracts of cow manure, bat guano, and Recent sediments. These 

concentrations exceed by two orders of magnitude the concentrations of 

alkanes in extracts of butter and of plant and animal tissues. 27 Mass 

spectrometric and gas chromatographic analyses indicate that alkanes from 

27 

various sedimental and biological sources contain the same types of 

compounds . 9,26,27 
Many analyses are being obtained of alkanes from a 1.1 billion 

year old crude oil. Optical activities of these paraffins are of the 

same sign and magnitude as are the optical activities of hydrocarbons 

from relatively young oils .27 Pristane, 2, 6, 10, 14-tetramethylpentadecane, 
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has been t e n t a t i v e l y  i d e n t i f i e d  i n  t h e  1.1 b i l l i o n  year  o ld  o i l .  Gas 

chromatograms and mass spec t r a  show a s l i g h t l y  g r e a t e r  abundance of odd- 

28 than  of even-carbon number C through C n -pa ra f f in s  i n  t h i s  o i l .  2 1  33 

Compositely, da t a  gathered on t h e  a n c i e n t  (None-Such) crude o i l  

i n d i c a t e  a remarkable s t a b i l i t y  fo r  b i o l o g i c a l  a lkanes  i n  sediments. 

P r i s t a n e  has  been found i n  many b i o l o g i c a l  lipids.*’ 

t u r e  i s  d i f f i c u l t  t o  dup l i ca t e  by a b i o t i c  r e a c t i o n s .  

been observed i n  t h e  d i s t r i b u t i o n  of o p t i c a l l y  a c t i v e  components of 

a lkanes  from k e l p ,  31 

o p t i c a l l y  a c t i v e  compounds i n  crude o i l s  are  appa ren t ly  te t ra-  and penta-  

I t s  p r e c i s e  s t r u c -  

S i m i l a r i t i e s  have 30 

Recent sediments, 32 and crude o i l s .  33 The most 

c y c l i c  hydrocarbons wi th  molecular weights  approximating those  of pa ren t  

s t e r o i d  hydrocarbons. 33y34 n-Paraf f ins  from some organisms d i s p l a y  a n  

9,26 
odd carbon p re fe rence  i n  t h e  C -C range. 2 1  33 

E s s e n t i a l l y  a l l  t h e  s t r u c t u r a l  u n i t s  which comprise b i o l o g i c a l  

a lkanes  could be found i n  p r i s t ane ,  po lycyc l i c  a lkanes ,  and n -pa ra f f in s .  

The compounds appear  t o  be present  i n  t h e  None-Such o i l  as we l l  as i n  

younger o i l s  and i n  l i v i n g  th ings .  Geologic s t u d i e s  i n d i c a t e  t h a t  t h e  

None-Such o i l  i s  approximately 1.1 b i l l i o n  years  old.35 Thus o p t i c a l ,  

chromatographic, and spec t romet r ic  d a t a  suggest  t h a t  a lkanes  i n  t h i s  

a n c i e n t  petroleum have no t  undergone s i g n i f i c a n t l y  more a l t e r a t i o n s  than  

have i d e n t i c a l  o r  s i m i l a r  hydrocarbons i n  30 t o  60 m i l l i o n  year  o ld  

8,26-28 crude o i l s .  
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